Semiconductor quantum dots and upconversion nanoparticles have been broadly used for live cell imaging due to their color tunability and photostability etc. However, these inorganic materials often contain heavy metals and potentially have metabolism problems. To overcome these issues, herein, we report a type of organic dye nanoparticles (NPs) with coating of a thin silica layer and folic acid targeting molecules on the surface for live cell imaging. These organic NPs possess superior characteristics of high fluorescence intensity, large Stokes shift, good photostability, emission in the NIR range, and targeted delivery, enabling them to be a powerful fluorescent probe for living cell imaging. In our study, we successfully demonstrate their applications in investigating cell division, exploring the cellular uptake kinetics and pathway of NPs, observing the distribution of NPs, and live-time tracking the trajectory of specific NPs. Considering the excellent properties and unique clathrinand caveollae-independent intracellular uptake pathway, we expect that this type of organic dye NPs will play an important role in live cell imaging.
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Introduction
Live cell imaging is an ideal way for continuous observation of the activities within living cells and becomes increasingly important for cell biology and cancer biology as well as many biomedical related applications [1, 2] . It has now become a routine tool in biomedical and life science research, and is key to understanding organismal development by monitoring interactions within and among cells during their growth and differentiation. Live cell imaging techniques play a significant role in biological studies and biomedical engineering. It is increasingly important to apply these technologies to gain critical insight of biological activities in sub-cellular and molecular levels in living cells [3, 4] . For this, various luminescent materials have been explored [5] [6] [7] [8] . Compared with conventional fluorescence dyes for imaging, semiconductor quantum dots are highly photostable and bright [9] [10] [11] . Also attractively, their emission spectra can be conveniently tuned across a wide wavelength range by changing the composition and size. This unique characteristic makes quantum dots particularly suitable for multicolor detection. Except semiconductor quantum dots, lanthanide ion doped upconvertion nanoparticles (UCNPs) which possess good photostability and non-invasion of NIR excitation have also been successfully used for real-time imaging and tracking in living cells [12, 13] .
Although these materials are effectively applied for live cell imaging, these probes are composed of inorganic materials such that the metabolism of heavy metals must be taken into consideration. Particularly, many semiconductor quantum dots possess high toxicity and this seriously limits their practical applicability [14, 15] .
To avoid the safety issue, it is intriguing to adopt organic materials in live cell M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 4 imaging. In comparison with inorganic imaging materials, organic molecules can be more biocompatible and provide much wider choices in variety [16, 17] . However, the application of isolated organic fluorophores has been hindered by their poor photostability for a long period of time [18] , until organic dye NPs with the characteristic of aggregation-induced mission (AIE) were discovered in recent years [19, 20] . AIE organic dyes are weakly fluorescent or even do not possess fluorescence in solution but become highly emissive when aggregated into NPs. These NPs can achieve enhanced fluorescence emission with remarkable photostability and excellent biocompatibility. Therefore, this material holds a bright future for practical applications in live cell imaging. In this study, we fabricated a novel type of AIE NPs with an ultra-thin layer of silica coating on the surface and used it for live cell imaging (Scheme 1). These NPs possess large absorptivity, intense emission in NIR region, large Stokes shift, excellent biocompatibility, strong photobleaching resistance, and specific cell targeting ability, which renders them suitable for imaging with high sensitivity of detection. Beyond the superior properties of fluorescent probe materials, when they are used in living organisms, it is also essential to understand the interaction between the materials and cells [21, 22] . Therefore, we systematically investigated the cellular uptake mechanism of the NPs and observed the distribution and intracellular transport as well as the cells' behavior during their interaction with the nanostructure. The unique characteristic of our AIE NPs is that they enter cell through clathrin-and caveolae-independent endocytosis and this can lead to many advantages.
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Experimental section

Materials
Preparation of FA-APTES
Twenty mg of FA were dissolved in 2 mL of DMSO followed by addition of 6 mg of NHS and 10 mg of EDC and stirring for 30 min. Subsequently, 50 µL of APTES were added, and the mixture was allowed to react for 48 hours under nitrogen.
Preparation and functionalization of NPAPF@SiO 2 -FA NPs
NPAPF and poly(maleicanhydride-alt-1-octadecene)-poly(ethyleneglycol) (C18PMH-PEG) were synthesized as stated in literature [20, 23] . Solvent exchange method was used to prepare NPAPF NPs. Briefly, 100 µL of 1 mM NPAPF/THF solution were added dropwisely into 5 mL of aqueous solution. After stirring at 1000 rpm for 5 min, the sample was left to stabilize for 72 h. NPAPF@SiO 2 -FA NPs were synthesized according to a previously described classical method [24] . Fifty mg of CTAB were added into 30 ml of prepared NPAPF NPs solution followed by vigorous stirring for 30 min. The oil-in-water microemulsion was heated to 40 ºC and aged at
the temperature for 10 min to evaporate tetrahydrofuran. One hundred µL of 2 M NaOH solution were added, and the mixture was heated to 55 ºC. Then, 100 µL of TMOS and 1 mL of ethylacetate were slowly added to the reaction solution in sequence. After 1 h reaction, 250 µL of APTES-FA were added. Ten min later, 25 µL of APTES were filled and the solution was stirred for 12 h. Subsequently, the as-synthesized NPAPF@SiO 2 -FA NPs were washed 3 times with 4 ºC water to remove the unreacted species and then dispersed in water. To extract CTAB from the NPs, 10 µL of HCl were added to the dispersion (pH=1.4) and stirred for 3 h at 60 ºC.
Finally, 300 µL of 1mg/mL C18PMH-PEG/H 2 O were added to 10 mL of NPAPF@SiO 2 -FA NPs solutions to modify the surface of the NPs. After ultrasonic treatment for 5 min, the solutions were stored at 4 ºC. 
Characterization
Cell culture
KB cells were cultured in FA free RPMI-1640 medium containing 10% FBS and 1% penicillin/streptomycin solution. HL-7702 cells were cultured in normal RPMI-1640 medium with 10% FBS and 1% penicillin/streptomycin solution. The concentrations of FA in FA-free and normal culture medium were 3 nM and 2.26 µM, respectively.
All cells were cultured at 37 ºC in a humidified atmosphere containing 5% CO 2 .
In vitro cytotoxicity
HL-7702 cells in complete RPMI-1640 medium， or KB cells in FA free RPMI-1640
medium were placed in 96-well plates (50,000/well) followed by 24 h incubation. The media were then replaced with fresh ones containing different concentrations of NPAPF@SiO 2 -FA NPs. The cell incubation was maintained for 24, 48 or 72 h in different groups. Then the cells were treated with 20 µL of MTT solution (5 mg/mL in PBS) and the plates were incubated for another 5 h at 37 ºC. After that the medium in each well was removed and 150 µL of DMSO was added to dissolve the formed formazan crystals. Finally, the cell viabilities were determined by measurement of the absorbance. 
FA targeted NPAPF@SiO 2 -FA NPs for in vitro imaging
Cellular uptake of NPAPF@SiO 2 -FA NPs
KB cells were seeded in 35 mm diameter glass dishes with a cell density of 1×10 5 cells/mL. After reaching 60% confluence, the cells were treated with 3 µM 
Cellular uptake pathways
The effect of temperature on the cellular uptake was investigated by pre-incubating KB cells in a serum-free medium at 4 ºC for 1 h and then incubated with 
Colocalization of NPs and lysosomes
KB cells were incubated with 50 nM LysoTracker Green DND-26 at 37 ºC for 30 min and then with NPAPF@SiO 2 -FA NPs (3 µM) for an additional 4 h. After incubation, the cells were washed with ice cold PBS and fixed for visualization.
Active transport of internalized NPAPF@SiO 2 -FA NPs
Three µM of NPAPF@SiO 2 -FA NPs were added into KB cells and incubated for 4 h at 37 ºC to allow particle internalization. Then the medium was removed. Cells were then washed several times with PBS in order to remove NPAPF@SiO 2 -FA NPs that were not internalized. Finally, the motions of endocytosed respectively. Then the cells were further treated with NPAPF@SiO 2 -FA NPs for 4 h before confocal microscopy observation.
Kinetics of exocytosis of NPAPF@SiO 2 -FA NPs
For investigating the exocytosis of nanostructures, KB cells were incubated with 3
µM NPAPF@SiO 2 -FA NPs for 4 h to get a substantial intracellular uptake. Then, the cells were washed three times with PBS and placed in a fresh cell culture medium. At different time points, an aliquot of the medium was collected and its fluorescence intensity was determined.
In vivo NIR fluorescence imaging
All in vivo experiments were performed in compliance with the relevant laws and institutional guidelines and also approved by Laboratory Animal Center of Soochow
University. The BALB/c female mice with age of 5 to 6 weeks were purchased from Suzhou Industrial Park Animal Technology Co., Ltd. and were housed in a standard facility. 4T1 tumor-bearing mice were intravenously injected with 200 µL of 60 µM NPAPF@SiO 2 -FA NPs and imaged using a Maestro in vivo fluorescence imaging system (CRi Inc.). Green light with a peak wavelength at 523 nm was used as the excitation source. Spectral imaging from 600 nm to 750 nm (10 nm step) was carried out with various exposure times for each image frame. Autofluorescence (particularly from food residues in the stomach and intestine) was decreased by exposure time. The mouse was marked out by green line in situ corresponding with the bright-filed image. 
Biodistribution
Results and discussion
Synthesis and characterization of NPAPF@SiO 2 -FA NPs
NPAPF is an AIE dye with weak fluorescence in THF. We firstly used a solvent exchange method to prepare NPAPF NPs in aqueous solution. Subsequently, a very thin silica layer was grown on NPAPF NPs (termed Fig. 1d and Fig. S5a ). In aqueous solution, the fluorescence intensity of the NPAPF@SiO 2 -FA NPs is stable.
During 48 hours period of time, only about 4% of the dye molecules is released (Fig.   S3 ). The QY of NPAPF@SiO 2 -FA NPs was measured to be 11.8%. Overall, all of these features make the NPs particularly suitable for in bioimaging.
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FA targeted cell imaging
FR commonly over-expresses in many types of cancer cells and are broadly used for targeting delivery of therapeutic molecules and biological probes [29] . KB cells cultured in FA-free medium have high FR expression on their surface. FA-targeted NPs display high affinity properties with the receptor [30, 31] . This enables them to rapidly bind to the cell surface. The internalization of NPs into cells can be studied through monitoring their fluorescence within cells by confocal microscopy imaging.
The results are presented in Fig. S6a . From the figure, it can be found that, in the KB cells incubated with NPAPF@SiO 2 -FA NPs at 37 ºC, the intensity of the red
fluorescence is significantly higher than that in the cells incubated with NPAPF@SiO 2 NPs under the same conditions. Even at 4 ºC at which the endocytosis pathway of the NPs is largely suppressed, we still can obtain a similar finding. This is probably due to the fact that FA plays a crucial role for cellular uptake at 4 ºC [32] . The quantity analysis of the NPs internalization under different conditions was further carried out by flow cytometry. As shown in Fig. S6b and S6c, the fluorescence intensity of NPAPF@SiO 2 -FA NPs in KB cells is as high as three times of that of NPAPF NPs at 37 ºC and ten times higher than that of NPAPF NPs at 4 ºC. These results clearly demonstrate FA modified NPs are able to efficiently target FR-positive cells. Because of this, high quality cellular imaging can be realized even with very low concentrations of NPs. For bioimaging applications, it is highly desirable to allow the fluorescence probe to have a good photo-stability. To study the photo-stability of NPAPF@SiO 2 -FA NPs, we carried out an experiment of using the NPs for long-term imaging with an excitation of 488 nm. The imaging of Fluorescein isothiocyanate (FITC) under the same condition was also performed as a reference, as FITC is the most commonly used dye in the field [33, 34] . As shown in Fig. 2a , after 211 scans, the signal loss of NPAPF@SiO 2 -FA NPs is less than 20% (Movie S1). In a stunning contrast, the Once we demonstrate that NPAPF@SiO 2 -FA NPs can be used for long-term live cell imaging and the cell behavior (e.g., division) is not negatively affected by the treatment of such NPs, we next performed a systematic study to explore the cellular uptake mechanism of the NPs. When cells are pre-incubated at low temperature (4 ºC), the cellular uptake of NPAPF@SiO 2 -FA NPs is significantly inhibited (Fig. 5a ). It suggests that the endocytosis of NPAPF@SiO 2 -FA NPs is an energy-dependent process. Subsequently, three endocytosis inhibitors including chlorpromazine, cytisine,
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A C C E P T E D ACCEPTED MANUSCRIPT 21 and amiloride were employed to inhibit clathrin-mediated endocytosis, caveolae-mediated endocytosis, and micropinocytosis, respectively [35] . As shown in Fig. 5a, b , and c, all of the inhibitors retard the cellular uptake of NPAPF@SiO 2 -FA NPs to different extents. When KB cells are pre-incubated with CPZ, cytisine and amiloride, the reductions of cellular uptake are 20%, 17% and 14%, respectively, comparing with the control group. However, none of these inhibitors leads to predominant inhibition of intracellular uptake, so it is most possible that clathrin-and caveolae-independent endocytosis plays a crucial role in the internalization of the NPs.
After silica coating, the surface topography of NPs changed. Nude NPs have a very smooth surface but the surface becomes relatively rough after the coating which may induce these NPs enter cells via clathrin-and caveolae-independent endocytosis pathway not the normal way. However, the detailed reason of this unique endocytosis pathway for NPAPF@SiO 2 -FA NPs still require extensive further work [36, 37] .
Intracellular fate of NPAPF@SiO 2 -FA NPs
Generally, if NPs are internalized by cells through clathrin-mediated endocytosis, the materials will be enclosed into endosomes and lysosomes. Because of the ultra-low pH values and enzymes in these organelles, the enclosed material can be degraded [38] . In comparison, pathways such as caveolar uptake, macropinocytosis and clathrin-and caveolae-independent uptake are somewhat nonspecific and the transport environment is neither acidic nor digestive. To determine the distribution of clathrin-and caveolae-independent pathway can also prevent from being degraded within the enzyme-rich and low-pH environment so that they can maintain strong fluorescence intensity, which is very beneficial for long-term imaging.
Active transport of internalized NPAPF@SiO 2 -FA NPs
After NPAPF@SiO 2 -FA NPs are internalized into cells, they are able to transport from one place to another. Real-time images can be employed to visualize the movement of the NPs. In our study, we successfully discovered that some individual NPs originally at the periphery region of cells are transported to the nucleus with an example shown in Fig. 6a . One explanation is that NPAPF@SiO 2 -FA NPs are actively M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 23 transported by intracellular motor proteins on the microtubules or actin filaments [40] .
To confirm this, inhibition studies at the early uptake stage were carried out. We pre-incubated KB cells with cytoskeleton disrupting drugs including 30 µM of nocodazole and 5 µM of cytochalasin D whose roles are to inhibit the polymerization of microtubules and disrupt the actin filaments, respectively [41] . As shown in Fig. 6c , Dyneins are responsible for transporting vesicular cargos toward the end of the microtubules near the nucleus, while kinesins possess similar function but moving materials from the nucleus to the cell periphery region [42, 43] . For the trajectory observation in Fig. 6a (Movie S3) , it is most possible that dyneins are playing important roles. Additionally, we also explored that some NPs are transported away from the perinuclear region ( Fig. 6b，Movie S4) , probably by kinesins. . KB cells were treated with the drug for 1h in serum-free media at 37 ºC and were then incubated with 3 µM NPAPF@SiO 2 -FA NPs for 4 h. Scale bars: 10 µm.
NPAPF@SiO 2 -FA NPs exocytosed by cells
Exocytosis is one of the behaviors of cells. It has been shown that the retention time of NPs within cells can be influenced by their size, surface properties and endocytic pathways. It has been reported that nanoparticles captured into lysosomes can be exocytosed with lysosomes as the vehicles. While, if nanoparticles have lysosome escape ability, they will stably reside in cytoplasm and the excretion rate will be very
low [37] . In line with this, we can expect NPAPF@SiO 2 -FA NPs stay in cytosol and are exocytosed relatively slowly as our mechanism study has shown that they enter cells through non-clathrin and non-caveolae pathway. In order to study the exocytosis of NPAPF@SiO 2 -FA NPs, we placed the cells containing internalized nanostructures in a medium and measured the fluorescence intensity of the medium at different times.
As illustrated in Fig. S8 , the fluorescence intensity increases with extended incubation time and saturates after 8 hours. We speculate that the exocytosis mainly happens to the small fraction of NPs which was internalized through clathrin-mediated endocytosis, while most NPs can still remain in the cytoplasm of cells. Since a large portion of NPAPF@SiO 2 -FA NPs can remain within cells for prolonged time, these nanostructures would be desirable for long-term imaging. 
In vivo imaging and biodistribution
Conclusion
In summary, we fabricated a novel type of FA targeted core-shell organic dye NPs Movie. S1. shows long-term imaging of NPAPF@SiO2-FA NPs with an excitation of 488 nm.
Movie. S2. shows long-term imaging of FITC with an excitation of 488 nm.
Movie. S3. shows the trajectory of a nanoparticle transported from the cell periphery to the perinuclear region.
Movie. S4. shows the trajectory of a nanoparticle transported from the perinuclear region to the cell periphery. Movie. S1.
Movie. S2.
Movie. S1-2. Long-term imaging of NPAPF@ SiO2-FA NPs with an excitation of 488 nm. The imaging of Fluorescein isothiocyanate (FITC) under the same condition was also performed as a reference.
Movie. S3.
Movie. S4.
Movie. S3. Some NPs are transported from cell periphery to the perinuclear region.
Movie. S4. Some NPs are transported from the perinuclear region to cell periphery. 
